Smad7 gene delivery prevents muscle wasting associated with cancer cachexia in mice.
Patients with advanced cancer often succumb to complications arising from striated muscle wasting associated with cachexia. Excessive activation of the type IIB activin receptor (ActRIIB) is considered an important mechanism underlying this wasting, where circulating procachectic factors bind ActRIIB and ultimately lead to the phosphorylation of SMAD2/3. Therapeutics that antagonize the binding of ActRIIB ligands are in clinical development, but concerns exist about achieving efficacy without off-target effects. To protect striated muscle from harmful ActRIIB signaling, and to reduce the risk of off-target effects, we developed an intervention using recombinant adeno-associated viral vectors (rAAV vectors) that increase expression of Smad7 in skeletal and cardiac muscles. SMAD7 acts as an intracellular negative regulator that prevents SMAD2/3 activation and promotes degradation of ActRIIB complexes. In mouse models of cachexia, rAAV:Smad7 prevented wasting of skeletal muscles and the heart independent of tumor burden and serum levels of procachectic ligands. Mechanistically, rAAV:Smad7 administration abolished SMAD2/3 signaling downstream of ActRIIB and inhibited expression of the atrophy-related ubiquitin ligases MuRF1 and MAFbx. These findings identify muscle-directed Smad7 gene delivery as a potential approach for preventing muscle wasting under conditions where excessive ActRIIB signaling occurs, such as cancer cachexia.